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A normal relay emulator 1s described. The normal relay emu-
lator may include a trigger circuit configured to detect a

condition on a first power rail, the first power rail having a first
voltage supply level. A boost converter electrically coupled to
the first power rail and configured to boost the first voltage
supply level to a second, higher, voltage supply level 1s pro-
vided. A bi-stable relay having a first terminal and a second
terminal and an actuator electrically coupled to the boost
converter and communicatively coupled to the trigger circuit
1s also provided. The actuator may be configured to energize
the bi-stable relay using the second voltage supply level such
that electrical contact between the first terminal and the sec-
ond terminal changes between a first state and a second state
based on the trigger circuit detecting the condition.

18 Claims, 3 Drawing Sheets
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CAPACITIVE DRIVEN NORMAL RELAY
EMULATOR USING VOLTAGE BOOST

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present disclosure relate generally to
normal relay emulators and more particularly to normal relay

emulator control circuits.

2. Discussion of Related Art

A normal relay 1s arelay that maintains a set position unless
the relay 1s energized. More specifically, a normal relay waill
be 1n either the open or closed state (referred to as the “nor-
mal” state), when the coil within the relay 1s not energized.
When the coil 1s energized, the relay will enter into the “non-
normal” state. For example, a normally open relay provides
an open circuit unless the relay 1s energized, in which case the
relay will be closed. Similarly, a normally closed relay pro-
vides a closed circuit unless the relay 1s energized, in which
case, the relay will be open. Once power to the coil of a
normal relay 1s interrupted, the relay will return to the “nor-
mal” position (e.g., either open or closed). As will be appre-
ciated, however, normal relays require a certain amount of
current when energized. More particularly, a constant supply
of current 1s required to keep the coil within the relay ener-
gized. Furthermore, the current draw of a normal relay
increases with the size of the normal relay. As such, larger
relays (e.g., those needing several watts of power to energize
the coils) continually draw current during operation. Accord-
ingly, a normal relay will be a constant drain on power cir-
cuitry (e.g., batteries, generators, alternators, or the like).

In order to reduce the drain on circuits using normal relays,
bi-stable relays may sometimes be substituted for a normal
relay. A bi-stable relay 1s a relay that remains 1n 1ts last state
when power to the relay 1s shut off. Said differently, a bi-
stable relay can be changed from either open to closed or
closed to open, by temporarily energizing the relay. The bi-
stable relay will then remain 1n this state when power to the
relay 1s interrupted and therefore does not draw current (or
draws a small amount of current) while the relay 1s not chang-
ing position. As such, a bi-stable relay has a lower quiescent
current requirement than does a normal relay. However, as
will be appreciated, when power to the circuit including the
bi-stable relay 1s interrupted, the bi-stable relay will remain in
its last position. As a result, a bi-stable relay cannot be used to
replace a normal relay in circuits where the relay must be
switched to a known position when the supply of power 1s
interrupted.

In order to address this, control circuits are available that
cause a bi-stable relay to enter a known position when power
to the control circuit 1s interrupted. These control circuits use
an energy storage device (e.g., capacitor) to store energy,
which 1s used to energize the bi-stable relay when power to
the control circuit 1s interrupted. Accordingly, the bi-stable
relay will enter a known state after the supply of power 1s
interrupted. However, for larger bi-stable relays, a large
energy storage device 1s required 1n order to be able to supply
enough current to operate the bi-stable relay when power to
the control circuit 1s interrupted. In many applications, there
1s 1msudlficient space to accommodate such a large capacitor.
Furthermore, the necessity of alarge capacitor adds increased
costs to the control circuit.

This problem 1s further exacerbated where the control cir-
cuit 1s operated from a lower voltage power supply (e.g., 12
volts, 9 volts, or the like). In such systems, charging a large
capacitor to the nominal input voltage (e.g., 12 volts) will not
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produce enough energy to actuate the bi-stable relay and
cause the bi-stable relay to change state 1n the absence of
input power.

Thus, there 1s a need for a relay that returns to a known
position when power 1s interrupted and has a low current draw
during periods where the relay 1s not changing position. Fur-
thermore, there 1s a need for such a relay that can operate on
lower voltage systems and still actuate a large relay.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present disclosure are
directed to a normal relay emulator.

Some exemplary embodiments of the present disclosure
are directed to a system for emulating a normal relay. Such
exemplary system may include a trigger circuit configured to
detect a condition on a first power rail, the first power rail
having a first voltage supply level, a boost converter electri-
cally coupled to the first power rail and configured to boost
the first voltage supply level to a second voltage supply level,
the second voltage supply level higher than the first voltage
supply level, a bi-stable relay having a first terminal and a
second terminal, and an actuator electrically coupled to the
boost converter and commumnicatively coupled to the trigger
circuit, the actuator configured to energize the bi-stable relay
using the second voltage supply level such that electrical
contact between the first terminal and the second terminal
changes between a first state and a second state based on the
trigger circuit detecting the condition.

Some exemplary embodiments of the present disclosure
are directed to method for emulating a normal relay. Such
exemplary methods may include boosting a voltage available
on a first power rail from a first voltage supply level to a
second voltage supply level, the second voltage supply level
higher than the first voltage supply level, charging an energy
storage device based on the second voltage supply level,
determining whether a condition occurs on the first power
rail, and causing a bi-stable relay to change to a known state
based on the determination that the condition occurred,
wherein the state of the bi-stable relay 1s changed using the
energy storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating a normal relay emu-
lator:

FIG. 2 1s a block diagram 1llustrating an embodiment of a
portion ol a normal relay emulator;

FIG. 3 1s a block diagram 1llustrating an embodiment of a
portion of a normal relay emulator;

FIG. 4 1s a flow chart 1llustrating a method of emulating a
normal relay, all arranged according to at least some embodi-
ments of the present disclosure.

DESCRIPTION OF EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention, however, may be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the mvention to those
skilled 1n the art. In the drawings, like numbers refer to like
clements throughout.
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Various embodiments of the present disclosure provide a
normal relay emulator, which draws little (or no power) dur-
ing periods when the relay 1s not changing state and which can
operate from a low voltage power supply vet still actuate a
large relay 1n the absence of input power. In general, various
embodiments operate to boost the mput voltage to a higher
level, which higher level 1s used to operate the bi-stable relay
and/or charge an energy storage device with sulficient energy
to actuate the bi-stable relay in the absence of input power. In
the event that input power 1s interrupted, the energy stored in
the energy storage device 1s used to actuate the bi-stable relay
such that the bi-stable relay enters a desired state. For
example, various embodiments of the present disclosure may
provide a normal relay emulator configured to operate on
power supplied by an automotive style battery. As a particu-
larly specific example, the normal relay emulator may be
configured to operate as a normally open relay and may be
configured to connect an auxiliary circuit (e.g., electric circuit
in a trailer connected to a tractor, or the like) when a main
power circuit 1s energized and disconnect the auxiliary circuit
when the main power circuit 1s de-energized. The above
example 1s given for illustrative purposes only and 1s not
intended to be limiting.

FI1G. 1 illustrates a block diagram of a normal relay emu-
lator 1000, arranged according to at least some embodiments
of the present disclosure. As depicted, the normal relay emu-
lator 1000 1ncludes a bi-stable relay 100, a trigger circuit 200,
a boost converter 300, and an actuator 400. As will be
described 1n greater detail below, the normal relay emulator
1000 1s configured to cause the bi-stable relay 100 to “emu-
late” (1.e., behave like) either a normally open relay or a
normally closed relay. The normal relay emulator operates on
input power supplied on a first power rail 901. In some
examples, a battery (e.g., a 12 volt battery, a 9 volt battery, or
the like) supplies the input power. As used herein, the term
“mmput power” generally refers to the power (having a voltage
and current level) available on the first power rail 901 from a
power supply (not shown). In some examples, the power
supply may include a DC power source, an AC power source
and a rectifier circuit, a battery, a number of batteries con-
nected together or generally any other DC power source.

The bi-stable relay 100 may be any suitable bi-stable relay,
also referred to as a “latching relay.” As stated above, a bi-
stable relay 1s a relay that remains 1n 1ts last state when power
to the relay 1s shut off. In general, the bi-stable relay 100
includes a switching mechanism 111 to open or close electri-
cal contact between a first terminal 121 and a second terminal
123. In some examples, the bi-stable relay 100 may be formed
from a solenoid operating a ratchet and cam mechamsm to
open or close the switching mechanism 111 contacts. As
another example, the bi-stable relay 100 may be formed from
opposing coils configured to hold the switching mechanism
111 contacts 1n place while the coils are relaxed.

As a third example, the bi-stable relay 100 may be formed
from a pair of permanent magnets surrounding a ferrous
plunger, disposed within the center of the coil with springs
positioned to push the plunger out of the coil. During opera-
tion, when the coil 1s energized 1n one direction the magnetic
field pushes the plunger away from the permanent magnets
and the springs keep 1t 1n the “released” position, which may
correspond to either the open or closed position depending on
the positioning and connection of the contacts. When the coil
1s energized in the other direction, the magnetic field pulls the
plunger back into range of the permanent magnets, and it 1s
held (against the spring force) in place by the magnets. In
turther examples, the coil may include a center-tapped wind-
ing, which can be connected to the positive side of the voltage

10

15

20

25

30

35

40

45

50

55

60

65

4

source. As such, each end of the coil corresponds to the open
or close winding. In alternative examples, the coil may
include two separate windings, one for the open and one for
the close.

The normal relay emulator 1000, then, 1s configured to
cause the switching mechanism 111 1n the bi-stable relay 100
to enter either the open or closed state (depending upon the
relay being emulated) when a particular condition occurs
(e.g., 1nput power on the first power rail 901 1s interrupted). As
used herein, input power may be interrupted when the input
power lalls below a specified value; when the mput power
talls to zero; when the mput power 1s reduced by a specified
percentage; when the input power falls below a specified
value for a specified amount of time; or generally whenever
there 1s a reduction or interrupt 1n the supply of power avail-
able on the first power rail 901.

As an example, assume the normal relay emulator 1000 1s
configured to emulate a normally open relay. During opera-
tion, when input power 1s supplied on the first power rail 901,
the normal relay emulator 1000 will close the switching
mechanism 111 of the bi-stable relay 100. Thus, electrical
connection between the terminals 121 and 123 will be estab-
lished. Due to the nature of a bi-stable relay, very little current
will be required to hold the switching mechanism 111 1n the
closed position. As such, reduced power drain on the power,
battery, and/or charging systems supplying the input power
will be realized. In the event that power to the normal relay
emulator 1000 1s interrupted, the switching mechamism 111
of the bi-stable relay 100 will be opened. Thus, electrical
connection between the terminals 121 and 123 will be sev-
ered. As will be appreciated, the normal relay emulator may
be configured to connect a power supply to a load, where
disconnection between the power supply and the load 1is
desired 11 an 1nterruption 1n input power to the normal relay
emulator 1000 1s experienced. As a particular example, ter-
minal 121 may be connected to a battery 1n a tractor while
terminal 123 may be connected to a load 1n a trailer to which
the tractor 1s mechanically connected. Thus, the normal relay
emulator 1000 may be configured to electrically connect the
power supply 1n the tractor (e.g., battery, alternator, generator,
or the like) to a load 1n the trailer when the tractor 1s on, vet,
disconnect the load when the tractor 1s turned ofl. During
operation, the normal relay emulator will not present a con-
tinuous drain on the power supply of the tractor due to the use
of the bi-stable relay 100. As will be appreciated from the
balance of the present disclosure, however, a large relay (e.g.,
requiring 1-15 amps of current to change state) may still be
used. Said differently, the bi-stable relay 100 may be a large
relay and the normal relay emulator 1000 may be configured
to cause the relay to change state in the absence of input power
on the first power rail 901.

For example, 1n some embodiments, the bi-stable relay 100
may have a 2 Ohm “Pull” coil and 1.9 Ohm “Release™ coil. As
such, steady state current, if the coils were left energized,
would be about 6 A at 12 VDC, or 12 A at 24 VDC not
accounting for losses. During operation, however, the coils
may be energized with a voltage pulse (so as not to overheat
the coils.) A typical voltage pulse may cause between 3 and 8
amps ol current to be flow through the coil. As will be appre-
ciated, however, since the coils are effectively an inductor,
current varies versus time when the coils are energized.

As depicted, the trigger circuit 200 and the actuator 400 are
communicatively coupled together via signal line 801. Dur-
ing operation, the trigger circuit 200 monitors the first power
rail 901 to identily a selected condition that indicates an
interruption of mput power. When the trigger circuit 200
identifies the selected condition, 1t sends a signal to the actua-
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tor 400 over the signal line 801. The actuator 400 1s activated
by this signal and causes the switching mechanism 111 of the
bi-stable relay 100 to enter the “normal” state. Said differ-
ently, when activated by the signal from the trigger circuit, the
actuator supplies the correct electrical pulse (e.g., having
suificient current and duration) to the bi-stable relay 100 to
cause switching mechanism 111 to either open or close. As
described above, the actuator 400 1s configured to cause the
bi-stable relay 100 to change state 1n the absence of input
power. More detalled example embodiments of the trigger
circuit 200 and the actuator 400 are given with respect to
FIGS. 2 and 3, described below.

The actuator 400 1s electrically coupled to the boost con-
verter 300 via second power rail 903. As described above, the
input voltage (e.g., the voltage level available on the first
power rail 901) 1s increased to a higher level (described 1n
greater detail below), which higher level 1s used to operate the
bi-stable relay and/or charge an energy storage device. The
boost converter 300 1s then configured to “boost” (.e.,
increases) the voltage supplied on the first power rail 901 and
make this increased voltage available on the second power
rail 903. For example, in some embodiments, the first power
rail 901 may be electrically coupled to an input power source
configured to supply power having a voltage of 12 Volts. The
boost converter 300 may be configured to increase the 12
Volts supplied on the first power rail 901 to 30 Volts, which 1s
made available on the second power rail 903. Many types of
boost converters are known. Boost converters may be formed
from analog and/or digital circuit components. For example,
a boost converter may be formed from resistors, diodes,
capacitors, an inductor, and a DC-DC converter circuit (e.g.,
DC-DC converter NCP3064, available from ONSEMICON-
DUCTOR™, or the like).

FIGS. 2 and 3 are block diagrams of embodiments of
portions of the normal relay emulator 1000 of FIG. 1. More
particularly, FIGS. 2 and 3 illustrate embodiments of the
trigger circuit 200, the actuator 400, and the bi-stable relay
100. It 1s to be appreciated, that these embodiments (like all
embodiments described herein) are given for illustration only
and are not intended to be limiting. Turning now more spe-
cifically to FIG. 2, as depicted, the bi-stable relay 100 1s
shown including a first co11 130, configured to open switching
mechanism 111, and a second coil 132, configured to close
switching mechamism 111. Accordingly, during operation,
energizing either the first coil 130 or the second coil 132 may
change the state of the bi-stable relay 100.

The trigger circuit 200 may include a condition detection
module 210 and may optionally include a power detection
module 220. In some examples, the modules 210 and 220 may
be implemented using conventional analog, digital circuit,
and/or programmable components. For example, the trigger
circuit 200 may be realized from a voltage detection circuit
with a fixed width pulse generator. In some examples, a
programmable mtegrated circuit (e.g., microprocessor, or the
like) may be used to implement the modules 210 and 220. For
example, a microprocessor may be programmed to monitor
the first power rail 901 for an interruption 1n power, when an
interruption i power 1s detected, the module 210 may signal
the actuator 400 via the signal line 801, as described above.
This may be facilitated by using a microprocessor having a
low voltage interrupt feature, wherein the low voltage inter-
rupt 1s configured to detect a low voltage condition of the first
power rail 901 and send a signal (e.g., the interrupt) to the
actuator 400 via the signal line 801.

The trigger circuit 200 may optionally be configured to
cause the normal relay to enter a known state upon detecting
power on the first power rail 901. Said ditferently, the trigger
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circuit 200 may be configured to cause the bi-stable relay to
enter a known state when the normal relay 1000 1s initially
powered on (or when power 1s restored after an interruption).
The power detection module 220, then, may be configured to
monitor the first power rail 901 and detect when power
becomes available (e.g., when power raises above a specified
level, when power raises above a specified level for a specified
amount of time, or the like), sometimes referred to as “the
threshold voltage”. Upon detecting power on the first power
rail 901, the trigger circuit 200 may signal the actuator 400 via
the signal line 801 as described above. The power detection
module 220 may be implemented using a combination of
analog, digital, and or programmable logic components.

In some examples, the trigger circuit 200 may include a
comparator to detect the threshold voltage, which may then
trigger a one-shot circuit to pulse the actuator for the correct
amount of time. With some examples, an analog comparator
on-board a microcontroller chip can be used to detect the
threshold voltage while a timer can be used to control the
pulse width. Some examples may include a brownout voltage
detector operably connected to a comparator to generate an
interrupt to a microcontroller.

In some examples, the trigger circuit 200 may also monitor
the voltage output from the boost converter 300 to ensure that
there 1s enough energy stored 1n the energy storage device

described below) to actuate the bi-stable relay 100. With
some examples, the trigger circuit 200 may be configured to
not close (or open) the bi-stable relay 100 until there 1s
enough energy stored in the energy storage device 410 to
trigger the open (or close) event.

The actuator 400 may include an energy storage device 410
and a relay energizer module 420. In general, the relay ener-
gizer module 420 1s configured to supply a suilicient energy
pulse to the coils 130, 132 to cause the bi-stable relay 100 to
change state. More particularly, the relay energizer module
420 may be configured to energize either the coil 130 or the
coil 132 (depending upon whether a normally open or nor-
mally closed relay 1s being emulated) upon being signaled by
the condition detection module 210. The relay energizer mod-
ule 420 may be implemented using a combination of analog,
digital, and/or programmable logic components. For
example, the relay energizer module 420 may be imple-
mented using a combination of resistors, diodes, mini-relays,
BIT, IGBT, and/or MOSFET logic components.

In order to supply a suificient energy pulse to the coils,
particularly, in the absence of input power on the first power
rail 901, the actuator 400 includes the energy storage device
410. In general, the energy storage device 410 may be any
device capable of storing energy (e.g., a capacitor, recharge-
able battery, or the like). The energy storage device 410 1s
then charged to the nominal voltage level available on the
second power rail 903 (1.e., the boosted input voltage level).
Subsequently, when the input power 1s interrupted, the energy
stored 1n the energy storage device 410 1s used to energize
cither of the coils 130 or 132. As will be appreciated, the
energy stored 1n a capacitor may be represented by the fol-
lowing equation: E=14*C*V" 2, where E 1s the energy in the
capacitor, C 1s the capacitance of the capacitor, and V 1s the
voltage to which the capacitor 1s charged.

In a particularly illustrative example, the first power rail
901 may be supplied by a power source having a voltage level
of 12 Volts. The boost converter 300 may boost the 12 Volts to
30 Volts, which 1s available on the second power rail 903. The
energy storage device 410 may be a capacitor having a capaci-
tance of 2200 uFarads. Accordingly, charging the capacitor to
30 volts will result 1n a stored energy value 01 0.99 Joules (1.¢.,
0.5*%0.0022*%30°2). Achieving an equivalent energy value
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from the mnput voltage (1.e., 12 Volts) would require a much
larger capacitor (e.g., having a capacitance of greater than
13,750 uFarads). As will be appreciated, the ability to use a
smaller capacitor (e.g., due to the functionality of the boost
converter 300) enables the use of a smaller capacitor, which
reduces cost, size, and operational delay for the normal relay
emulator 1000 as compared to conventional devices.

Turning more specifically now to FIG. 3, as depicted, the
condition detection module 210 may include a processor
component 230 (e.g., a microprocessor, a programmable IC,
or the like) and a memory 240 (e.g., a non-transitory media,
such as, for example, ROM, EEPROM, FLASH, or the like).
The memory 240 may include application data and instruc-
tions 242, which include machine executable instructions,
that when executed by the processor component 230 cause the
processor component to execute particular functions corre-
sponding to various embodiments described heremn. For
example, the application data and instructions 242 may
include machine executable 1nstruction, that when executed
by the processor component 230 cause the processor compo-
nent 230 to implement the behavior of the condition detection
module 210 and/or the power detection module 220 described
above. A particular benefit of using a programmable proces-
sor component to implement the trigger circuit 200 1s that the
trigger circuit 200 may be reprogrammed (e.g., by moditying,
the application data and instructions 242) to implement either
a normally open or a normally closed relay without changing
any components or the arrangement of the normal relay emu-
lator 1000.

FI1G. 4 1s a flow chart illustrating a method 4000 for emu-
lating a normal relay. The method 4000 1s described with
reference to the normal relay emulator 1000. It 1s to be appre-
ciated, however, that the method 4000 may be practiced using
other suitable normal relay emulators. Beginning at block
4010, the boost converter 300 may boost the voltage available
on the first power rail 901 to a higher voltage and make the
boosted voltage available on the second power rail 903.

Continuing from block 4010 to block 4020, the energy
storage device 410 may be charged using the voltage avail-
able on the second power rail 903. Continuing from block
4020 to block 4030, the condition detection module 210 may
identily an interruption i iput power on the first power rail
901. In some examples, the condition detection module 210
identifies that the mput power has been interrupted and sig-
nals the actuator 400 to either open or close the switching
mechanism 111 (e.g., via signal line 801).

Continuing from block 4030 to block 4040, the actuator
400 energizes the bi-stable relay 100 using the energy stored
in the energy storage device 410 1n order to either open or
close the switch.

While the present invention has been disclosed with refer-
ence to certain embodiments, numerous modifications, alter-
ations and changes to the described embodiments are possible
without departing from the sphere and scope of the present
invention, as defined in the appended claims. Accordingly, 1t
1s 1intended that the present invention not be limited to the
described embodiments, but that i1t has the full scope defined
by the language of the following claims, and equivalents
thereol.

What 1s claimed 1s:

1. A normal relay emulator comprising:

a trigger circuit configured to detect a condition on a first
power rail, the first power rail having a first voltage
supply level;

a boost converter electrically coupled to the first power rail
and configured to boost the first voltage supply level to a
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second voltage supply level, the second voltage supply
level higher than the first voltage supply level;

a bi-stable relay having a first terminal and a second termi-
nal; and

an actuator electrically coupled to the boost converter and
communicatively coupled to the trigger circuit, the
actuator configured to energize the bi-stable relay using
the second voltage supply level such that electrical con-
tact between the first terminal and the second terminal

changes between a first state and a second state based on
the trigger circuit detecting the condition,

wherein the trigger circuit monitors the first power rail to
determine when a voltage of the first power rail is
restored and exceeds a threshold voltage after interrup-
tion of the first power rail providing the first voltage
supply voltage, the trigger circuit causing the bi-stable
relay to enter a known state upon determinming the volt-
age of the first power rail is restored and exceeds the
threshold, the trigger circuit to determine a voltage out-
put of the boost converter, the trigger circuit to prevent
the actuator from energizing the bi-stable relay when the
voltage output of the boost converter 1s determined to be
insuificient.

2. The normal relay emulator of claim 1, wherein the con-
dition indicates an interruption 1n input power on the first
power rail.

3. The normal relay emulator of claim 2, the actuator com-
prising;:

an energy storage device configured to store a quantity of
energy based at least in part on the second voltage supply
level; and

a relay energizer module configured to energize the bi-
stable relay using the quantity of energy stored in the
energy storage device.

4. The normal relay emulator of claim 3, wherein the

energy storage device 1s a capacitor.

5. The normal relay emulator of claim 4, wherein the bi-
stable relay includes a coil and the relay energizer module 1s
configured to discharge the capacitor across the coil.

6. The normal relay emulator of claim 1, wherein the first
state corresponds to electrical connection between the first
terminal and the second terminal.

7. The normal relay emulator of claim 6, wherein the actua-
tor 1s configured to change the bi-stable relay from the first
state to the second state based on the trigger circuit detecting
the condition.

8. The normal relay emulator of claim 6, wherein the actua-
tor 1s configured to change the bi-stable relay from the second
state to the first state based on the trigger circuit detecting the
condition.

9. The normal relay emulator of claim 1, wherein the con-
dition 1s that the first voltage supply level drops below a
specified minimum voltage level.

10. A system for emulating a normal relay comprising:

a first power rail;

a power supply electrically coupled to the first power rail,
the power supply configured to output a first voltage
supply level to the first power rail;

a boost converter electrically coupled to the first power rail
and configured to boost the first voltage supply level to a
second voltage supply level, the second voltage supply
level higher than the first voltage supply level;

a trigger circuit configured to detect a condition on the first
power rail;

a bi-stable relay having a first terminal and a second termi-
nal; and




US 9,305,729 B2
9 10

an actuator electrically coupled to the boost converter and a relay energizer module configured to energize the bi-
communicatively coupled to the trigger circuit, the stable relay using the quantity of energy stored in the
actuator configured to energize the bi-stable relay using energy storage device.

the second voltage supply level such that electrical con-
tact between the first terminal and the second terminal
changes between a first state and a second state based on

13. The system of claim 12, wherein the energy storage
> device is a capacitor.

the trigger circuit detecting the condition, 14. The system of claim 13, wherein the bi-stable relay
wherein the trigger circuit monitors the first power rail to includes a coil and the relay energizer module 1s contigured to
determine when a voltage of the first power rail 1s discharge the capacitor across the coil.

I'?StOT‘ad and exceeds a thrgshold 'Vgltage after interrup- o 15. The system of claim 10, wherein the actuator 1s con-
tion of the first power rail providing the first voltage figured change the bi-stable relay from the first state to the

supply voltage, the trigger circuit causing the bi-stable second state based on the trigger circuit detecting the condi-
relay to enter a known state upon determining the volt- tion.

age of the first power rail is restored and exceeds the

threshold, the trigger circuit to determine a voltage out- 16. The system ot clﬁaun 10, wherein the actuator 1s con-
put of the boost converter, the trigger circuit to prevent 13 figured to change the bi-stable relay from the second state to

the actuator from energizing the bi-stable relay when the the first state based on the trigger circuit detecting the condi-
voltage output of the boost converter 1s determined to be tion.
insutficient. 17. The system of claim 10, wherein the condition is that
11. The system of claim 10, wherein the condition indicates the first voltage supply level drops below a specified mini-
an interruption in mput power on the first power rail. 20 mum voltage level.

12. The system of claim 11, the actuator comprising:
an energy storage device configured to store a quantity of
energy based at least in part on the second voltage supply

level; and I I

18. The normal relay emulator of claim 1, wherein the
trigger circuit comprises a miCroprocessor.
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